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5HVHDUFK &RXQFLO (365& 8.
7KLV ZRUN ZDV VXSSRUWHG E\ WKH (QJLQHHULQJ DQG 3K\VLFDO 6FLHQFHV
:LGH%DQG +( 0RGH 7HUDKHUW] :DYH :LQGRZV
IRU *\UR$PSOL¿HUV
&UDLJ 5 'RQDOGVRQ 3DXO 0F(OKLQQH\ /LDQJ =KDQJ DQG :HQORQJ +H
Abstract%URDGEDQG +( PRGH RXWSXW ZLQGRZV EDVHG RQ
WKH PXOWLOD\HU FRQFHSW DUH VWXGLHG IRU KLJK SRZHU J\URDPSOL
¿HUV RSHUDWLQJ LQ WKH ORZ WHUDKHUW] UHJLRQ $V WKH ZDYH SRZHU
LQ WKH K\EULG +( PRGH LV FRQFHQWUDWHG LQ WKH FHQWHU RI WKH
FLUFXODU ZDYHJXLGH VPDOOHU UHÀHFWLRQ DQG EHWWHU FRXSOLQJ WR WKH
IXQGDPHQWDO IUHH VSDFH *DXVVLDQ PRGH FDQ EH DFKLHYHG IRU WKH
ZLQGRZV 7ZR ZLQGRZV DUH GHVLJQHG IRU RSWLPL]HG SHUIRUPDQFH
WKURXJK VLPXODWLRQV IRU RSHUDWLRQ LQ WZR IUHTXHQF\ UDQJHV RI
± *+] DQG ± *+] 7KH VLPXODWHG SHUIRUPDQFH SUDF
WLFDO FRQVWUDLQWV LQ UHDOL]DWLRQ DQG PDQXIDFWXULQJ PHWKRGV RI WKH
± *+] ZLQGRZ LV GLVFXVVHG 7KLV ZLQGRZ ZDV FRQVWUXFWHG
DQGPLFURZDYH SURSHUWLHV PHDVXUHG VKRZLQJ D ORZHU WKDQ  G%
UHÀHFWLRQ 7KLV UHVXOW DJUHHV ZLWK VLPXODWLRQ GDWD ZKLFK YDOLGDWHV
WKH VLPXODWLRQ PHWKRGRORJ\ DQG HIIHFWLYHQHVV RI WKH GHVLJQ
Index Terms%URDGEDQG ZLQGRZ J\URDPSOL¿HU PXOWLOD\HU
ZLQGRZ RXWSXW ZLQGRZ
, ,1752'8&7,21* <52$03/,),(56 EDVHG RQ KHOLFDOO\ FRUUXJDWHGLQWHUDFWLRQ UHJLRQ SURPLVH XQPDWFKHG FDSDELOLWLHV LQ
DFKLHYLQJ KLJK IUHTXHQF\ XS WR WHUDKHUW] UDQJH ZDYH DP
SOL¿FDWLRQ ZLWK D KLJK SRZHU DQG ZLGH IUHTXHQF\ EDQGZLGWK
>@ >@ ,W LV WKH H[WHQW RI WKH EURDGEDQG DPSOL¿FDWLRQ UDQJH
WKDW PDNH WKH GHYLFH ERWK DWWUDFWLYH DQG FKDOOHQJLQJ (DFK
FRPSRQHQW RI WKH DPSOL¿HUV PXVW DFKLHYH YHU\ ORZ UHÀHFWLRQ
WKURXJK WKH HQWLUH RSHUDWLQJ IUHTXHQF\ UDQJH ZKLFK PDNHV LWV
GHVLJQ DQG IDEULFDWLRQ GLI¿FXOW 7KLV LV HVSHFLDOO\ WUXH DW WKH
7+] UDQJH ZKHUH PDQXIDFWXULQJ WROHUDQFHV EHFRPH KDUG WR
DFKLHYH 3RRUO\ FRQWUROOHG UHÀHFWLRQV LQ DQ DPSOL¿HU ZRXOG
FDXVH RVFLOODWLRQV WR EH VWLPXODWHG DQG OHDG WR FHVVDWLRQ RI WKH
DPSOL¿FDWLRQ DQG LQ VRPH VLWXDWLRQV WKH RVFLOODWLRQ PD\ GDPDJH
VRPH FRPSRQHQWV RI WKH DPSOL¿HUV VXFK DV WKH ORZSRZHU
VHHGLQJ VRXUFH 7KXV WKH PRVW GHVLUDEOH SHUIRUPDQFH RI D
ZLQGRZ ZLOO EH WR PDLQWDLQ WKH YDFXXP LQVLGH WKH GHYLFH
ZKLOVW DOORZLQJ UDGLDWLRQ SRZHU WR WUDYHO RXW ZLWK PLQLPXP
DEVRUSWLRQ DQG UHÀHFWLRQ IURP LWVHOI
$ PXOWLOD\HU ZLQGRZ ZKLFK FRQVLVWV RI OD\HUV RI GLIIHUHQW GL
HOHFWULF PDWHULDOV LV RIWHQ XVHG WR DFKLHYH PD[LPXPPLFURZDYH
WUDQVPLVVLRQ RYHU D EURDGEDQG IUHTXHQF\ UDQJH LQ WKH J\URDP
SOL¿HUV 6XFK ZLQGRZV KDYH EHHQ UHDOL]HG RYHU D ZLGH UDQJH RI
IUHTXHQF\ EDQGV IRU H[DPSOH LQ ;EDQG ZLWK UHÀHFWLRQV ORZHU
XQGHU 5HVHDUFK *UDQW (3. 
7KH DXWKRUV DUH ZLWK 683$ 'HSDUWPHQW RI 3K\VLFV 8QLYHUVLW\ RI 6WUDWK
FO\GH *ODVJRZ * 1* 8. HPDLO FUDLJGRQDOGVRQ#VWUDWKDFXN SDXO
PFHOKLQQ\#VWUDWKDFXN OLDQJ]KDQJ#VWUDWKDFXN ZKH#VWUDWKDFXN
WKDQ  G% RYHU ± *+] >@ .DEDQG ZLWK UHÀHFWLRQV
ORZHU WKDQ  G% RYHU ± *+] >@ DQG :EDQG ZLWK
UHÀHFWLRQV ORZHU WKDQ  G% RYHU ± *+] >@ 3UHYL
RXVO\ D PXOWLOD\HU ZLQGRZ ZDV UHSRUWHG RYHU WKH ± *+]
UDQJH RSHUDWLQJ ZLWK WKH 7( PRGH DV WKH LQSXW PLFURZDYH
VLJQDO >@ 7KDW ZLQGRZ ZDV PHDVXUHG DQG KDG D EHWWHU WKDQ
 G% UHÀHFWLRQ 7KH ZLQGRZ SUHVHQWHG LQ WKLV SDSHU ZDV GH
VLJQHG IRU RSHUDWLQJ DW D *DXVVLDQOLNH +( PRGH 0RUH ZDYH
SRZHU LQ VXFK D PRGH ZRXOG EH FRQFHQWUDWHG LQ WKH FHQWHU RI
WKH ZDYHJXLGH 7KLV ZRXOG UHGXFH WKH HIIHFW RI DQ\ ZDYHJXLGH
GLVFRQWLQXLWLHV LQ WKH ZLQGRZ VWUXFWXUH DQG ZLOO WKHUHIRUH UH
GXFH WKH RYHUDOO PLFURZDYH UHÀHFWLRQ ZKHQ FRPSDUHG WR WKH
7( PRGH 7KLV ZRXOG DOVR IDFLOLWDWH WKH DSSOLFDWLRQ RI D GH
SUHVVHG FROOHFWRU V\VWHP IRU HQHUJ\ UHFRYHU\ RI VSHQW HOHFWURQ
EHDP 7KLV SDSHU UHSRUWV WKH ¿UVW EURDGEDQG ZLQGRZ RSHUDWLQJ
LQ WKH ORZ7+] UDQJH ZLWK D UHÀHFWLRQ EHWWHU WKDQ  G% RYHU
D  EDQGZLGWK
7KH 8QLYHUVLW\ RI 6WUDWKFO\GH LV FXUUHQWO\ GHYHORSLQJ WZR J\
URWURQWUDYHOLQJ ZDYH DPSOL¿HUV J\UR7:$V LQ WKH ORZ WHUD
KHUW] UDQJH RI ± *+] DQG ± *+] %URDGEDQG DP
SOL¿HUV RSHUDWLQJ LQ WKHVH IUHTXHQF\ EDQGV KDYH PDQ\ DSSOLFD
WLRQV IRU LQVWDQFH LQ HOHFWURQ VSLQ UHVRQDQFH >@ >@ DQG KLJK
UHVROXWLRQ UDGDUV >@ 7KHVH DSSOLFDWLRQV GHVLUH WKDW WKH UDGLD
WLRQ RXWSXW LV D *XDVVLDQ EHDP $ TXDVLRSWLFDO PRGH FRQYHUWHU
LQ WKH IRUP RI D FRUUXJDWHG KRUQ FDQ EH XVHG WR RXWSXW D *XDV
VLDQOLNH K\EULG +( PRGH >@ >@
7KLV SDSHU FRQFHQWUDWHV RQ WKH GHVLJQ PHWKRGRORJ\ RI D PXO
WLOD\HU ZLQGRZ IRU D 7+] J\UR7:$ 7KH GHVLJQ JRDO LV WR
DFKLHYH D UHÀHFWLRQ RI EHWWHU WKDQ  G% IRU D +( RXWSXW
PRGH 7KH PLFURZDYH ZLQGRZ JHRPHWU\ LV VFDODEOH ZLWK WKH
RSHUDWLQJ IUHTXHQF\ WKHUHIRUH WKURXJKRXW IROORZLQJ VHFWLRQ WKH
VLPXODWHG SHUIRUPDQFH RI WKH ZLQGRZ LV JLYHQ ZLWK UHVSHFW WR
WKH FHQWHU IUHTXHQF\  $ GLVFXVVLRQ RI WKH FRQVWUDLQWV RQ WKH
OD\HU WKLFNQHVV DQG UDGLDO GLPHQVLRQV LV WKHQ SUHVHQWHG
,, 6,08/$7,21
7KH VLPXODWLRQ RI WKH PLFURZDYH ZLQGRZ ZDV FRQGXFWHG
XVLQJ WKH PRGH PDWFKLQJ PHWKRG >@ WKURXJK DQ LQKRXVH
FRGH ,Q WKH GHVLJQ SURFHVV WKH LQLWLDO VWHS ZDV WR VHOHFW WKH
GLHOHFWULF PDWHULDOV IRU WKH OD\HUV RI WKH ZLQGRZ *\URDPSOL
¿HUV VXFK DV FRQVLGHUHG LQ WKLV VWXG\ RIWHQ XVH D WKHUPLRQLF
FDWKRGH VR WKH GLHOHFWULF PDWHULDO VKRXOG EH FRPSDWLEOH ZLWK WKH
HQYLURQPHQW $V RQH RI WKH GLHOHFWULF GLVFV ZLOO EH XVHG WR VHDO
WKH YDFXXP WKDW GLVF VKRXOG IDFLOLWDWH EUD]LQJ WR D PRXQWLQJ
VWUXFWXUH )RU WKHVH UHDVRQV FHUDPLF LQ WKH IRUP RI  SXUH
$O 2  ZKLFK KDV D UHODWLYH GLHOHFWULF FRQVWDQW  RI 
ZDV FKRVHQ DV WKH FHQWUDO GLHOHFWULF GLVF 3UHYLRXVO\ >@ LW ZDV
VKRZQ WKDW 4XDUW] ZLWK RI  LV D VXLWDEOH FKRLFH DV WKH
)LJ  &RQ¿JXUDWLRQ DQG UHÀHFWLRQ RI DQ LGHDO PXOWLOD\HU ZLQGRZ D:LQGRZ
JHRPHWU\ E 6LPXODWHG UHÀHFWLRQ
PDWFKLQJ GLVF 7KLV FRQ¿JXUDWLRQ DOORZV WKH KLJKHVW EDQGZLGWK
SHUIRUPDQFH ZKLOVW QRW YLRODWLQJ WKH UHTXLUHPHQWV IURP WKH
RSHUDWLQJ HQYLURQPHQW PHQWLRQHG %HWZHHQ HDFK 4XDUW] GLVF
DQG WKH FHQWUDO GLVF LV D YDFXXP RU DLU JDS 7KHUHIRUH WKLV PXO
WLOD\HU ZLQGRZ KDV ¿YH OD\HU RI GLIIHUHQW GLHOHFWULF PDWHULDOV
,Q RUGHU WR REWDLQ WKH *DXVVLDQOLNH +( PRGH D PRGH FRQ
YHUWLQJ FRUUXJDWHG KRUQ EDVHG RQ WKH SUR¿OH ZLWK D FRUUX
JDWHG SKDVH PDWFKLQJ VHFWLRQ ZDV XVHG EHIRUH WKH PXOWLOD\HU
ZLQGRZ 7R DFKLHYH D KLJK *DXVVLDQ FRQWHQW ZLWK D VSHFL¿F
EHDP ZDLVW WKH PRGH PL[WXUH DW WKH RXWSXW LV  7( 
70  DQG 7( DW SKDVH DQJOHV RI  
DQG  GHJ UHVSHFWLYHO\
$Q LGHDO PXOWLOD\HU ZLQGRZ ZLWK QR JHRPHWU\ GLVFRQWLQX
LWLHV LV VKRZQ LQ )LJ D )LUVWO\ WKH GLDPHWHU RI WKH GLHOHFWULF
GLVFV DQG WKH WKLFNQHVV RI WKH FHUDPLF GLVF VKRXOG EH GHFLGHG
$IWHU WKDW WKH WKLFNQHVVHV RI WKH YDFXXPDLU JDS DQG 4XDUW] GLVF
FDQ EH RSWLPL]HG WR DFKLHYH WKH ZLGHVW IUHTXHQF\ EDQGZLGWK
7KH GLDPHWHU RI WKH GLVFV ZDV GHFLGHG XSRQ E\ WKH DSHUWXUH
VL]H RI WKH TXDVLRSWLFDO PRGH FRQYHUWHU ZKLFK LQ WKLV FDVH ZDV
 PP 7KH WKLFNQHVV RI WKH FHUDPLF GLVF ZDV FKRVHQ DV D
FRPSURPLVH EHWZHHQ WKH RSHUDWLQJ EDQGZLGWK DQG UREXVWQHVV
RI WKH GLVF *HQHUDOO\ WKH WKLQQHU WKH GLVF LV WKH ZLGHU WKH RS
HUDWLQJ EDQGZLGWK LV EXW DGYHUVHO\ WKH PRUH IUDJLOH LW LV DQG
WKH PRUH GLI¿FXOW LW LV WR EUD]H WKH YDFXXPVHDOLQJ FHUDPLF GLVN
WR WKH PRXQWLQJ VWUXFWXUH GXH WR UHGXFHG FRQWDFWLQJ DUHD $Q
LQKRXVH FRGH ZDV XVHG WR FDOFXODWH WKH UHÀHFWLRQV RI WKH PXOWL
OD\HU ZLQGRZ 7KH H[DFW PRGH FRQWHQW DW WKH HQG RI WKH FRUUX
JDWHG KRUQ ZDV XVHG DV WKH LQSXW VRXUFH 7KH RYHUDOO UHÀHFWLRQ
RI WKH +( PRGH FDQ EH FDOFXODWHG E\ FRPELQLQJ WKH DPSOLWXGH
DQG SKDVH RI WKH UHÀHFWLRQ IURP LQGLYLGXDO LQSXW PRGH &DOFX
ODWLRQ GHPRQVWUDWHG WKDW D WKLFNQHVV RI D KDOI WKH FHQWUDO ZDYH
OHQJWK DOORZV EHWWHU WKDQ  G% UHÀHFWLRQ RYHU D 
EDQGZLGWK 7KH ZLQGRZ FRQ¿JXUDWLRQ LQ WKLV FDVH KDV WKH RSWL
PL]HG WKLFNQHVV RI WKH 4XDUW] GLVFV DQG YDFXXPDLU JDSV WR EH
 DQG UHVSHFWLYHO\
7KH UHVXOWDQW UHÀHFWLRQV RI WKH ZLQGRZ IRU +( PRGH DQG LWV
FRPSRVLWH PRGDO PL[WXUHV DUH VKRZQ LQ )LJ E 7R DFKLHYH D
PLQLPXP +( UHÀHFWLRQ LW LV REYLRXV WKDW WKH UHÀHFWLRQV IURP
DOO LWV PRGDO PL[WXUH VKRXOG EH PLQLPL]HG
,Q RUGHU WR REWDLQ WKH +( PRGH D PRGH FRQYHUWLQJ FRUUX
JDWHG KRUQ ZDV XVHG EHIRUH WKH PXOWLOD\HU ZLQGRZ 7KH VLPX
ODWHG UHÀHFWLRQ RI WKH FRUUXJDWHG KRUQ LV VKRZQ LQ )LJ  :KHQ
WKH PXOWLOD\HU ZLQGRZ ZDV DGGHG WR WKH FRUUXJDWHG KRUQ WKH
ZLQGRZ VWUXFWXUH KDG WR EH UHRSWLPL]HG LQ RUGHU WR PDLQWDLQ WKH
)LJ  6LPXODWHG UHÀHFWLRQ RI WKH PRGH FRQYHUWHU ZLWK DQG ZLWKRXW WKH LGHDO
PXOWLOD\HU ZLQGRZ
)LJ  D $ QRQLGHDO PXOWLOD\HU ZLQGRZ ZLWK UDGLDO VWHSV²:LQGRZ JHRP
HWU\ E (IIHFWV RI WKH VWHSV RQ WKH UHÀHFWLRQ RI WKH ZLQGRZ ZLWK WKH FRUUXJDWHG
KRUQ XVHG DV WKH LQSXW VRXUFH²6LPXODWHG UHÀHFWLRQ
FRUUHFW SKDVH GLIIHUHQFH EHWZHHQ WKH WKUHH PRGHV DW WKH DSHU
WXUH 7KH RSWLPL]HG GLHOHFWULF OD\HU WKLFNQHVVHV ZHUH IRXQG WR
EH  DQG
 7KH UHÀHFWLRQ RI WKH ZLQGRZ ZDV VLPXODWHG )LJ 
ZKLFK VKRZV WKDW ERWK WKH FRUUXJDWHG KRUQ DQG WKH ZLQGRZ KDYH
D UHÀHFWLRQ RI OHVV WKDQ  G% LQ WKH  IUHTXHQF\ EDQG
7KH PXOWLOD\HU ZLQGRZ GLG QRW VLJQL¿FDQWO\ LQFUHDVH WKH RYHUDOO
UHÀHFWLRQ
,,, ',0(16,21 &21675$,176 $1' 72/(5$1&(6
7KH µLGHDO¶ PXOWLOD\HU ZLQGRZ KDV EHHQ VKRZQ WR DFKLHYH D
ORZHU UHÀHFWLRQ WKDQ WKH J\UR7:$ GHVLJQ WDUJHWV +RZHYHU LQ
RUGHU WR IDFLOLWDWH WKH EUD]LQJ DQG WR VHFXUH WKH GLVFV LQ SRVLWLRQV
LW LV QHFHVVDU\ WR LQWURGXFH UDGLDO VWHSV LQ WKH ZDYHJXLGH DV LO
OXVWUDWHG LQ )LJ D 7KH LQWURGXFWLRQ RI WKRVH VWHSV PD\ DG
YHUVHO\ DIIHFW WKH UHÀHFWLRQ DQG FDXVH PRGH FRQYHUVLRQ ,Q WKLV
SDUWLFXODU ZLQGRZ LW ZDV DGYDQWDJHRXV WR XVH +( ZDYHJXLGH
PRGH DV WKH ZDYH SRZHU LV PRUH FRQFHQWUDWHG LQ WKH FHQWHU RI
WKH ZDYHJXLGH ZKLFK VKRXOG PDUNHGO\ UHGXFH WKH HIIHFW RI WKH
UDGLDO VWHSV RQ WKH ZDYH UHÀHFWLRQ ,QGHHG WKLV ZDV FRQ¿UPHG
E\ VLPXODWLRQV :KHQ WKH VWHS VL]H ZDV DV ODUJH DV LWV HI
IHFW RQ WKH ZDYH UHÀHFWLRQ ZDV DW PD[LPXP  G% ZRUVH DV
FRPSDUHG WR WKH LGHDO FDVH DV VKRZQ LQ )LJ  7KH VWHS VL]H
RI ZDV XVHG IRU WKLV ZLQGRZ WR NHHS WKH GLHOHFWULF GLVFV
GLDPHWHU VPDOO WKHUHIRUH SK\VLFDOO\ VWURQJHU DQG OHVV SURQH WR
)LJ  6LPXODWHG UHÀHFWLRQ IRU FKDQJHG YDOXHV RI GLHOHFWULF GLVF RU YDFXXPDLU
WKLFNQHVV D &HUDPLF GLVF  E 4XDUW] GLVF  F 9DFXXPDLU
JDS 
EUHDNDJH 7KH VLPXODWHG UHÀHFWLRQ LQ )LJ E VKRZV WKDW WKH
UHÀHFWLRQ LV DURXQG  G% DQG LV DERXW  G% ZRUVH WKDQ
WKH LGHDO FDVH RI WKH ZLQGRZ E\ LWVHOI DV VKRZQ LQ )LJ E
$ VWXG\ RI WKH VHQVLWLYLWLHV RI WKH WKLFNQHVVHV RI WKH GLHOHF
WULF OD\HUV RQ WKH UHÀHFWLRQ RI WKH ZLQGRZ LV UHTXLUHG LQ RUGHU
WR GHWHUPLQH WKHLU WROHUDQFHV DQG IXUWKHU WR GHFLGH WKH ZD\ WKH
ZLQGRZ FRXOG EH SUDFWLFDOO\ UHDOL]HG 7KH PD[LPXP WROHUDQFHV
DUH WKH YDOXH RI WKH FKDQJH LQ OD\HU WKLFNQHVV WKDW ZRXOG FDXVH
D PD[LPXP UHÀHFWLRQ RI  G% :KHQ HDFK GLHOHFWULF OD\HU
LV FKDQJHG LQGHSHQGHQWO\ LWV HIIHFW RQ WKH PLFURZDYH UHÀHFWLRQ
LV VKRZQ LQ )LJ  7KH WROHUDQFH RQ WKH WKLFNQHVV RI 4XDUW]
)LJ  6LPXODWHG HIIHFW RI WKH GLHOHFWULF FRQVWDQW RI WKH ZLQGRZ GLVFV RQ WKH
PD[LPXP UHÀHFWLRQ OHYHO
YDFXXPDLU DQG FHUDPLF LV IRXQG WR EH  DQG
 UHVSHFWLYHO\ 7KH SUDFWLFDO GHVLJQ IRU WKH ZLQGRZPXVW
EH DEOH WR PHHW WKHVH WROHUDQFHV 7KH HIIHFW RI WKH GLHOHFWULF FRQ
VWDQWV RI FHQWUDO FHUDPLF DQG PDWFKLQJ TXDUW] GLVNV RQ WKH UH
ÀHFWLRQ RI WKH ZLQGRZ ZHUH VLPXODWHG DQG LV VKRZQ LQ )LJ 
,W ZDV IRXQG WKDW WKH UHÀHFWLRQ RI WKH ZLQGRZ ZDV YHU\ VHQ
VLWLYH WR GLHOHFWULF FRQVWDQWV RI WKH PDWHULDO +RZHYHU WKH UH
ÀHFWLRQ GXH WR GLIIHUHQFHV RI WKH GLHOHFWULF FRQVWDQWV FRXOG EH
DYRLGHG DV WKH\ FRXOG EH PHDVXUHG H[DFWO\ EHIRUH WKH GHVLJQ RI
WKH ZLQGRZ DQG WKHLU HIIHFWV FRXOG EH FRPSHQVDWHG E\ FKDQJLQJ
WKH VHSDUDWLRQV EHWZHHQ WKH GLVFV 7KH FRQFOXVLRQ RI WKLV VHQVL
WLYLW\ DQDO\VLV KDV VKRZQ WKDW IRU WKH ± *+] PXOWLOD\HU
ZLQGRZ WKH VWUXFWXUH DQG DVVRFLDWHG WROHUDQFHV RI WKH ZLQGRZ
ZRXOG EH PP
PP DQG PP :KHQ RSHUDWLQJ RYHU
± *+] WKH ZLQGRZ VWUXFWXUH DQG DVVRFLDWHG WROHUDQFHV
ZRXOG EH PP
PP DQG PP
,9 0$18)$&785,1* 0(7+2'6
7ROHUDQFH WHVWLQJ KDV VKRZQ WKDW VPDOO GLIIHUHQFHV LQ WKH
WKLFNQHVV RI WKH GLHOHFWULF OD\HUV DIIHFWV WKH UHÀHFWLRQ RI WKH
PXOWLOD\HU ZLQGRZ WKXV WKH PDQXIDFWXULQJ PHWKRG RI WKH
ZLQGRZ LV YHU\ LPSRUWDQW 7KH ± *+] ZLQGRZ FRXOG
EH IDEULFDWHG WKURXJK WUDGLWLRQDO PDFKLQLQJ PHWKRGV VXFK DV
WXUQLQJ PLOOLQJ DQG SROLVKLQJ DV WKH VL]H RI YDULRXV FRPSR
QHQWV RI WKH DVVHPEO\ DUH ODUJH HQRXJK 7KH GLHOHFWULF GLVFV
ERWK 4XDUW] DQG FHUDPLF DUH DEOH WR EH PDGH WKURXJK RSWLFDO
SROLVKLQJ DQG JULQGLQJ UHVSHFWLYHO\ ZKLFK LV DEOH WR DFKLHYH
WKH UHTXLUHG WROHUDQFHV 7KH KRXVLQJ VWUXFWXUH ZKLFK ZLOO PDNH
WKH YDFXXP VHDO FDQ EH PDGH ZLWK D ODWKH ZKLFK LV DEOH WR
DFKLHYH  PP 7KH PRVW GLI¿FXOW SDUW RI WKH GHVLJQ DQG
IDEULFDWLRQ LV WR NHHS WKH GLVWDQFH EHWZHHQ WKH GLHOHFWULF GLVFV
,Q RUGHU WR DFKLHYH WKLV VSDFLQJ ULQJV ZHUH PDGH 7R SUHYHQW
DQ\ GDPDJH WR WKH GLHOHFWULF GLVFV WKHVHV ULQJV ZHUH PDGH IURP
D PHWDO WKDW LV VRIWHU WKDQ WKDQ WKH GLVFV LQ WKLV FDVH 2)+&
FRSSHU ZDV XVHG
9 :,1'2: 0$18)$&785,1* $1' 0($685(0(17
,Q RUGHU WR YHULI\ WKH PXOWLOD\HU ZLQGRZ GHVLJQ DV RSWLPL]HG
WKURXJK VLPXODWLRQ WKH PLFURZDYH ZLQGRZ ZDV FRQVWUXFWHG
DQG PHDVXUHG RQ D 9HFWRU 1HWZRUN $QDO\]HU 91$ 6HYHUDO
)LJ  6FKHPDWLF RI WKH PXOWLOD\HU ZLQGRZ GHVLJQ
)LJ  3KRWRJUDSK LOOXVWUDWLQJ WKH YDULRXV FRPSRQHQWV RI WKH PXOWLOD\HU
ZLQGRZ
FKDOOHQJHV H[LVWHG ZLWK WKH IDEULFDWLRQ RI WKH ZLQGRZ DV WKH WRO
HUDQFHV LQ WKH WKLFNQHVVHV RI WKH GLHOHFWULF OD\HUV DUH YHU\ VPDOO
:KHQ WKH ZLQGRZ LV DVVHPEOHG FDUHV PXVW EH WDNHQ WR EDODQFH
WKH SUHVVXUHV DSSOLHG WR HDFK 4XDUW] GLVF DQG WR ¿QH DGMXVW WKH
YDFXXPDLU JDS VSDFLQJ WR DFKLHYH DQ RSWLPDO UHVXOW
$ VFKHPDWLF GUDZLQJ RI WKH PLFURZDYH ZLQGRZ DQG D SKRWR
RI LWV FRPSRQHQWV DUH VKRZQ LQ )LJV  DQG  7KH DOXPLQD
GLVF  LV LQLWLDOO\ EUD]HG LQWR WKH FRQÀDW ÀDQJH   2Q
WKH DLU VLGH RI WKH ZLQGRZ LV D FRSSHU SODWH  ZKLFK LV XVHG
WR DSSO\ D SUHVVXUH RQWR RQH RI WKH 4XDUW] GLVFV 7KHUH H[LVW
WKUHH FRSSHU ULQJV WZR RI ZKLFK  DQG  DUH XVHG WR VHS
DUDWH WKH GLHOHFWULF GLVFV 7KH WKLUG FRSSHU ULQJ  LV XVHG WR
HQVXUH D VPRRWK WUDQVLWLRQ EHWZHHQ WKH FRUUXJDWHG PRGH FRQ
YHUWLQJ KRUQ DQG ZLQGRZ ZKHQ WKH\ DUH MRLQHG WRJHWKHU /DVWO\
WKHUH DUH WZR 4XDUW] GLVFV   7KH 4XDUW] GLVF WKDW LV LQ WKH
YDFXXP  KDV WZR  PP GLDPHWHU KROHV WKURXJK WKH VXUIDFH
LQ RUGHU WR DOORZ D YDFXXP SXPSLQJ SDWK 7KHVH KROHV ZHUH OR
FDWHG DZD\ IURP WKH FHQWUH RI WKH GLVF GXH WR WKH ¿HOG VWUXFWXUH
RI WKH +( PRGH ¿HOG VWUXFWXUH LH PRVW RI WKH PLFURZDYH
SRZHU LV FHQWUDOO\ ORFDWHG
7KH PLFURZDYH SURSHUWLHV RI WKH ZLQGRZ ZHUH PHDVXUHG
XVLQJ D 91$ 7KH RXWSXW RI WKH 91$ LV OLQHDUO\ SRODULVHG DQG
KDG D UHFWDQJXODU ZDYHJXLGH SRUW ZKLFK ZDV WKHQ WDSHUHG WR FLU
FXODU ZDYHJXLGH 7KH FLUFXODU ZDYHJXLGH ZDV WKHQ FRQQHFWHG
WR WKH ZLGHEDQG FRUUXJDWHG KRUQ ZLWKRXW UDGLDO GLVFRQWLQXLW\ WR
DYRLG SRVVLEOH UHIHFWLRQ 7KH PXOWLOD\HU ZLQGRZ ZDV FRQQHFWHG
WR WKH FRUUXJDWHG KRUQ WKURXJK D FRQÀDW ÀDQJH $IWHU SDVVLQJ
)LJ  3ORW LOOXVWUDWLQJ WKH FRPSDULVRQ RI WKH VLPXODWHG DQG PHDVXUHG PL
FURZDYH ZLQGRZ UHÀHFWLRQ
WKURXJK WKH ZLQGRZ WKH PLFURZDYH SRZHU ZDV WKHQ UDGLDWHG
LQWR IUHHVSDFH $EVRUELQJ PDWHULDO ZDV SODFHG DURXQG WKH
HQYLURQPHQW WR UHGXFH EDFNJURXQG UHÀHFWLRQV ,W VKRXOG EH
QRWHG WKDW LW ZDV LPSRVVLEOH WR PHDVXUH WKH UHÀHFWLRQ RI WKH
+( PRGH DOEHLW WKH ZLQGRZ ZDV QXPHULFDOO\ RSWLPL]HG IRU
WKLV PRGH 1HYHUWKHOHVV WKH PHDVXUHG 7( PRGH UHÀHFWLRQ RI
WKH DVVHPEO\ RI WKH FRUUXJDWHG KRUQ DQG ZLQGRZ ZDV UHFRUGHG
DQG LV VKRZQ LQ )LJ  ZKLFK ZDV LQ UHDVRQDEOH DJUHHPHQW ZLWK
WKH VLPXODWHG UHVXOW 0HDVXUHG UHÀHFWLRQ ZDV EHWWHU WKDQ 
G% RYHU DOPRVW WKH IXOO IUHTXHQF\ UDQJH ZLWK WKH H[FHSWLRQ RI
± *+] ZKLFK ZDV  G% 'LIIHUHQFHV EHWZHHQ WKH
VLPXODWHG DQG PHDVXUHG UHÀHFWLRQ LV OLNHO\ FDXVHG E\ HUURUV
LQ JDS GLVWDQFHV DV WKH RWKHU SDUDPHWHUV VXFK DV GLHOHFWULF
FRQVWDQWV DQG WKH WKLFNQHVVHV RI WKH GLVFV ZHUH DFFXUDWHO\
PHDVXUHG DQG IRXQG WR EH WKH GHVLJQHG YDOXHV
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7KH PRGHPDWFKLQJ PHWKRG ZDV HPSOR\HG WR RSWLPL]H WKH
PXOWLOD\HU RXWSXW ZLQGRZ IRU DSSOLFDWLRQ LQ WHUDKHUW] J\URDP
SOL¿HUV ,W ZDV IRXQG WKDW WKH RSWLPL]HG ZLQGRZ VWUXFWXUH KDG D
UHÀHFWLRQ RI ORZHU WKDQ  G% RYHU D IUHTXHQF\ EDQGZLGWK RI
 7ROHUDQFH VWXG\ RQ WKH ZLQGRZ FRPSRQHQWV VKRZHG WKDW
WKDW WKH UDGLDO VL]HV RI WKH OD\HUV KDYH ODUJHU WROHUDQFHV KRZ
HYHU WKH WKLFNQHVVHV RI WKH GLHOHFWULF OD\HUV ZHUH IRXQG WR KDYH
D PXFK WLJKWHU WROHUDQFHV $ ZLQGRZ RSHUDWLQJ RYHU WKH ±
*+] IUHTXHQF\ UDQJH ZDV FRQVWUXFWHG DQG PHDVXUHG UHÀHFWLRQ
RI EHWWHU WKDQ  G% ZDV LQ JRRG DJUHHPHQW ZLWK WKH VLPX
ODWHG GDWD RYHU WKH IXOO IUHTXHQF\ EDQGZLGWK 7KLV PXOWLOD\HU
ZLQGRZ ZLOO EH XVHG LQ WKH ± *+] J\URDPSOL¿HU DQG J\
URWURQ EDFNZDUG ZDYH RVFLOODWRU >@
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7KH (365& (QJLQHHULQJ ,QVWUXPHQW 3RRO LV JUDWHIXOO\ DF
NQRZOHGJHG IRU SURYLGLQJ WKH 91$ 7KH DXWKRUV ZRXOG OLNH WR
WKDQN $ 5XGGHOO IRU KLV DVVLVWDQFH LQ VHWWLQJ XS DQG LQVWDOOLQJ
WKH 91$ 'U & :K\WH DQG 'U . *LOOHVSLH IRU XVHIXO GLVFXV
VLRQV DV ZHOO DV ' %DUFOD\ IRU WHFKQLFDO DVVLVWDQFH
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